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Introduction

Deliverable 1.2.1 “Detailed seagrass meadow maps from remote sensing and in situ protocols application”
constitutes a key component of Output 1.1 — BLUEQ Joint Pilot Action. The deliverable presents the
implementation and results of the common methodological framework developed under Deliverable 1.1.1,
which defined the standardized protocol for seagrass mapping through the combined use of remote sensing
and in situ techniques.

The present report documents the practical application of this common protocol in real field conditions. The
pilot actions were implemented through a multi-source approach integrating in situ habitat mapping and
ground-truth data collection, UAS-based high-resolution imagery acquisition and orthophoto production, and
satellite remote sensing data processing to ensure accurate spatial representation of meadow boundaries
and transition zones.

The results presented in this deliverable represent detailed, multi-layer geospatial datasets describing the
spatial extent and structural characteristics of seagrass meadows in the surveyed areas. Beyond the
production of maps, the pilot actions allowed the evaluation of methodological performance, environmental
constraints, and data quality under different operational conditions. The results contribute directly to the
implementation of the BLUEQ Joint Solution (Output 1.2), as they form the core geospatial datasets to be
integrated, visualized, and operationalized within the GIS-based system for seagrass habitat characterization
and carbon stock quantification.

The current document constitutes Part A of Deliverable D1.2.1. During the present reporting period, pilot
actions were completed in two study areas: Falasarna (Crete, Greece) and Plemmirio MPA (Sicily, Italy). Due
to implementation constraints and environmental conditions, not all pilot sites could be finalized within this
period. The implementation and results of the remaining pilot actions in Albania and Croatia will be
documented in Part B, which will be submitted in Period 4, ensuring the full realization of the Joint Pilot
Action across the programme area.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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1 In-situ mapping & measurements

In all study areas, meadow extent was mapped using remote sensing techniques. Satellite images, together
with drone-acquired photomosaics, were analyzed to produce detailed seagrass maps. Ground truthing- GT
is a crucial step in habitat classification based on both methodologies, as it links what is seen in remote
sensing data to real conditions on the ground. Even the most advanced sensors and classification algorithms
can misinterpret habitat boundaries, species composition, or substrate types if they are not validated with
field observations. Direct measurements and in situ surveys help to correct classification errors, refine
training datasets, and capture local variability that imagery alone cannot fully resolve. By anchoring remote
sensing analyses to reliable field data, ground truthing ensures that habitat maps are not only visually
consistent but also ecologically meaningful and suitable for management, monitoring, and decision-making.

To create the ground-truth (GT) datasets, a drop-down camera was deployed from a boat to the seabed and
used to record continuous video footage. Based on prior experience, video was preferred over still imagery,
which is often harder to interpret due to occasional loss of focus or motion blur caused by camera movement
along the rope. The geographic coordinates of each sampling point were recorded using a GARMIN 66s
handheld GPS unit. Habitat classes were then assigned through visual interpretation of the video footage and
categorized as Posidonia, rock, or sand. All data were subsequently compiled and processed in QGIS to
generate a shapefile used for training the habitat classification model.

1.1 Site 1 Falasarna — Natura 2000 Area, Crete (Greece)

1.1.1 Preparatory activities

A detailed analysis of high-resolution satellite imagery was conducted before the field campaign to support
the planning of field activities. The aim was to acquire preliminary information on seabed characteristics and
potential seagrass distribution within the study area. The Sentinel-2
image S2C_MSIL2A_20250802T090611_N0511_R050 _T34SGE_20250802T124515.SAFE was used (Figure 1).
Atmospheric correction was applied, along with a land—cloud—whitecap masking procedure, using the SNAP
software. Based on the processed imagery, areas of continuous sandy substrate were identified, as well as
zones indicating potential seagrass presence, which were subsequently prioritized during field surveys. The
image was used for all mission briefings.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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Figure 1 Satellite image which was used for planning the field mission.

1.1.2 Methodology and Equipment

At Falasarna, the field team had access to the full suite of research equipment provided by the Fisheries
Research Institute of ELGO-DIMITRA (Figure 2). All field activities were conducted using the research
vessel Medusa, a 3.4 m rigid inflatable boat (RIB) with an aluminium floor, well suited for extended coastal
operations and powered by an electric engine. The vessel can safely accommodate up to four divers along

with their equipment.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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Figure 2 Equipment used in Falasarna.

Data collection followed two different protocols based on water depth. In shallow waters (0—15 m), a
bathyscope (Figure 3A) was used from onboard the vessel to record sediment type. The exceptionally high-
water transparency in the area allowed reliable visual assessment using this method. In deeper areas, where
uncertainty increased due to depth, a GoPro Hero 12 camera was deployed using a rope and lead weight.
Video footage was examined in situ to determine sediment type. Geographic coordinates for each sampling
point were recorded using a GARMIN GPSMAP 66s (Figure 3B) and classified as Posidonia, sand, or rock.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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Figure 3 Bathyscope (A) and the GARMIN 66s (B) that were used for the creation of the ground truthing dataset.

1.1.3 Results

The Falasarna mission was carried out from 18 to 22 October 2025. The Posidonia oceanica meadow was
located in the northern part of the gulf, spanning depths from 6 to 25 m and covering an area of
approximately 1.3 km2 The central part of the gulf was dominated by sandy sediments, with
no Posidonia presence observed. The meadow was primarily associated with rocky substrates and exhibited
increased patchiness, particularly within the 6-15 m depth zone (Figure 4).

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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Figure 4 Typical image of the P. oceanica meadow in Falasarna, growing on rocky sediment.

In deeper areas, Posidonia occurred on soft sediments and formed a more continuous cover. In total, 72
sampling points were recorded, of which 29 corresponded to P. oceanica, 9 to rocky substrate, and 33 to
bare sand (Table 1.1). Their extent is shown in Figure 5.

Table 1.1 Ground truthing points in Falasarna, Greece.

Type Longitude Latitude

Base 23.579896 35.496331
Posidonia 23.567952 35.497095
Posidonia 23.568113 35.497314
Posidonia 23.568428 35.497217
Posidonia 23.568465 35.497474
Posidonia 23.568252 35.498044
Posidonia 23.568205 35.498486
Posidonia 23.568307 35.498838
Posidonia 23.568663 35.499322
Posidonia 23.569243 35.499545
Posidonia 23.569326 35.4996

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
Project: IPA-ADRION00447 —BLUEQ: Applied Solutions for Monitoring Coastal Habitats and Quantifying Blue Carbon Storage: An
Integrated Approach for Sustainable Ecosystem Management.
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Figure 5 Map of ground truthing points in Falasarna, Greece.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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1.2 Site 2 Plemmirio Marine Protected Area - Sicily (Italy)

1.2.1 Preparatory activities

In Plemmirio, a communication channel with the MPA management authority was established at an early
stage (https://www.plemmirio.eu). A set of habitat maps was provided (Figure 6); although these maps had
limited accuracy and were largely based on rough estimates, they were sufficient for planning all field
activities. Consequently, no preliminary satellite image analysis was required.

.
- g B
14; ’b‘.‘ e = - od : MPAs Habitat Types

Algae

Coastaldebris =
B Coralligenous
I Posidonia
I Posidonia Maybe ©
I Posidonia_rock

P

[ ol

Coastal debris

Figure 6 Plemmirio habitat types as shown in the GIS provided by the MPA.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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1.2.2 Methodology and Equipment

The markedly low underwater visibility in Plemmirio precluded the use of a bathyscope. Consequently, data
collection relied exclusively on a GoPro camera, which was attached to a rope and lowered to the seabed
while recording video footage. As in Falasarna, geographic coordinates were recorded using a GARMIN
GPSMAP 66s handheld GPS, with an estimated positional accuracy of approximately 5 m. Field operations
were conducted using a 10 m rigid inflatable boat (RIB) rented from the local Capo Muro Diving Center (Figure
7). In addition, information provided by local diving instructors proved crucial for the planning of the ground-
truthing (GT) mission. Based on this input, field surveys focused on two main areas: a shallow region in the
northern part of the site (0—10 m depth), and an area near Gate 26, which was identified as the only location
where Posidonia was present on soft sediment.

Figure 7 The RIB boat used for the field mission.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
Project: IPA-ADRION00447 —BLUEQ: Applied Solutions for Monitoring Coastal Habitats and Quantifying Blue Carbon Storage: An
Integrated Approach for Sustainable Ecosystem Management.

17



lnterreg [ Sue® e | BLUEO
HPA ADRION

1.2.3 Results

The field mission was carried out between 16 and 22 November 2025. Underwater visibility in the area was
extremely low, in some cases reaching values as low as 30 cm, which significantly affected survey operations.
In several instances, even the video footage acquired with the GoPro camera could not be reliably
interpreted. These conditions were attributed to persistent strong northerly winds, which only subsided on
the final day of the mission.

Figure 8 . Drone imagery showing the increased patchiness of the meadow growing on top of rocky substrate.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
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A total of 61 ground-truthing points were analyzed (Table 2.1), of which 51 were classified as Posidonia
oceanica and 10 as rocky substrate. The predominance of Posidonia observations within the random

sampling design reflects the extensive spatial coverage of the meadow in the study area, interspersed with

regular but generally small patches of rocky substrate (Figure 8). The meadow extended across depths

ranging from 2 to 24 m. The spatial distribution of the ground-truthing points is shown in Figure 9.

%

)

(3} 250 500m

S

Figure 9 Ground truthing points in Plemmirio, Italy.

Table 1.2 Coordinates of the ground truthing points from Plemmirio, Italy.

Type
Posidonia
Posidonia
Posidonia
Posidonia
Posidonia
Posidonia

Posidonia

Longtitude

15.3124
15.311272
15.311102
15.312128
15.312307
15.31179
15.31211

Latitude

37.004544
37.005544
37.004786
37.005142
37.004864
37.005658
37.005576

Seagrass
& Posidonia
@ Rock
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Posidonia
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Posidonia
Posidonia
Posidonia
Rock

Rock

Rock

Rock

Rock

Rock

Posidonia
Posidonia
Posidonia
Posidonia
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Posidonia
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15.312438
15.311743
15.311936
15.311863
15.310899
15.311422
15.311063
15.310858
15.311399
15.311479
15.311072
15.310712
15.310876

15.31132
15.310251
15.310235
15.311144
15.309567
15.309819
15.309878
15.301081
15.301819
15.301309
15.302573
15.302358
15.301645
15.302078

15.30204
15.302255
15.302168
15.301973
15.301161
15.301255

15.30142

15.30162

37.005081
37.005342
37.005456
37.004545
37.005176
37.005061
37.006816
37.006611
37.006515
37.006146
37.006079
37.006176
37.005808
37.005823
37.006867
37.006498
37.007202
37.008663

37.00777
37.007213
37.014954
37.014813
37.014708
37.015136
37.014393
37.014063
37.015169
37.014641
37.014913

37.01437

37.01419
37.014399
37.014497
37.014452
37.014334
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15.301435
15.301276
15.301676
15.301881
15.301878
15.302332
15.302758
15.301581

15.30162
15.301673
15.300861
15.300818
15.302857
15.302334
15.303183
15.302937

15.30801

15.30603
15.304051

37.014209
37.014115
37.014546
37.014532
37.014358
37.014546
37.015071
37.015036
37.015302
37.015115

37.01489
37.014434
37.014933
37.015024
37.014671
37.014534
37.009001
37.010738
37.012615
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2 Drone mapping

The UoA team was responsible for drone mapping during the Pilot Action field trips. The team has expertise
in drone mapping using UAS in the marine environment for different applications. Habitat mapping of
Posidonia meadows is a common activity of the team, with specialization in identifying optimal conditions to
acquire data efficiently and accurately.

Habitat mapping of Posidonia oceanica meadows is a fundamental component of coastal ecosystem
assessment and marine spatial planning. Accurate delineation of seagrass distribution supports biodiversity
conservation, ecological status evaluation, and blue carbon stock estimation. The integration of high-
resolution remote sensing techniques combined with in-situ observations has significantly enhanced the
capacity to map shallow coastal habitats with improved spatial detail and consistency. In particular, very high-
resolution UAS imagery enables the detection of meadow boundaries, patch fragmentation, and internal
heterogeneity, while field validation ensures ecological reliability of the mapped outputs. The effectiveness
of habitat mapping in shallow marine environments, however, strongly depends on environmental conditions
such as water transparency, sea state, and illumination, which directly influence data quality and seabed
visibility [1].

2.1 UASea Tool

UASea is a tool designed to identify the optimal conditions on a given day for acquiring UAS imagery in a
coastal environment. The importance of this tool lies in its development, which enables us to acquire the
most accurate, high-quality, and efficient data on the seabed [2].

This is due to the dynamic sea environment that is constantly changing because of environmental parameters
that interact with each other. This tool takes into account all these parameters and calculates the optimal
times in a day to acquire data. These times are also called “time windows” and, in some cases, are difficult
to achieve, especially during the winter season. The difference of this tool from other weather tools is that it
is designed especially for habitat mapping and not only for safe UAS operations. Its creation is based on
scientific conclusions, and its operation has been validated.
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Figure 10 UASea Toolbox Interface.

2.2 Drone System Equipment

The drone-based surveys carried out during the BLUEQ field campaigns were conducted using the DJI Mavic
3M Multispectral (https://ag.dji.com/mavic-3-m), an advanced unmanned aerial system specifically designed
for high-precision environmental mapping. The platform combines a stable multirotor configuration with a
dual-sensor payload, enabling the simultaneous acquisition of multispectral and RGB imagery during a single
flight mission.

The multispectral sensor of the Mavic 3M captures data across four discrete spectral bands: Green (=560
nm), Red (=650 nm), Red Edge (=730 nm), and Near Infrared (=860 nm). These bands are particularly effective
for vegetation mapping and health assessment, allowing the computation of spectral indices and the analysis
of habitat structure and condition. Although the multispectral sensor does not include a blue band, which is
typically advantageous for shallow-water and marine applications due to higher water penetration, the
available spectral configuration remains suitable for coastal habitat mapping. The absence of the blue band
is addressed through careful survey design and processing workflows, enabling robust habitat discrimination
and spatial analysis of Posidonia oceanica meadows.

In parallel, the platform is equipped with a high-resolution RGB camera, allowing the collection of true-color
imagery alongside multispectral data. This dual acquisition approach provides complementary datasets: RGB
imagery supports detailed visual interpretation, habitat boundary delineation, and photorealistic mapping,
while multispectral imagery enhances thematic classification and ecological assessment. The combined use
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of RGB and multispectral datasets improves mapping accuracy and supports integrated analysis of benthic
habitats.

Through appropriate radiometric calibration workflows, the acquired multispectral data supports the
derivation of reflectance-based products. While absolute reflectance accuracy in marine environments is
inherently constrained by water column effects, surface reflectance variability, and illumination conditions,
the processed data are suitable for relative analyses, habitat discrimination, and comparative assessments
of seagrass extent and condition across the study areas. This approach ensures methodological robustness
while acknowledging the known limitations of multispectral UAV surveys over water.

The Mavic 3M also integrates RTK/GNSS positioning capabilities, ensuring high geolocation accuracy of the
acquired imagery and facilitating the production of precise orthomosaics and geospatial products. The
collected datasets were processed using established photogrammetric workflows and integrated into GIS
environments, supporting the BLUEQ objectives related to habitat mapping, carbon stock assessment, and
informed maritime spatial planning.

2.3 Site 1 Falasarna — Natura 2000 Area, Crete (Greece).

2.3.1 Preparatory activities

The preparation phase before UAS flight acquisition is a critical step for the successful collection of reliable
and high-quality data, especially in complex marine and coastal environments. The planning of an aerial
survey is the most important part of the data acquisition process, as it integrates multiple parameters related
to the UAS configuration, the characteristics of the study area, and the environmental conditions prevailing
during acquisition. Proper preparation includes gathering detailed information about the morphology and
exact location of the study area, its accessibility, elevation differences, and surrounding features, as well as
collecting complementary marine and environmental information that directly affects flight planning and
data quality.

In the context of the BLUEQ field activities, extensive preparatory work was carried out before the flight
acquisition at the Falasarna site. The study area was analyzed in advance to ensure full spatial coverage and
to define optimal flight paths adapted to the size, shape, and morphology of the area. Suitable take-off and
landing positions were identified to ensure safe operations and stable communication between the UAS and
the ground control station throughout the flights. RTK connectivity was prepared in advance, including the
necessary licensing, to support accurate positioning during data acquisition. Based on the site's
characteristics, autonomous flight missions were designed, defining flight altitude, ground sampling distance,
image overlap, and sidelap, and mission layout to ensure consistent, systematic coverage of the area.
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The flight plan consisted of a grid-based survey covering the study area and a small part of the adjacent
coastline to improve alignment during the Structure from Motion (SfM) processing. Mission planning was
performed directly on the UAS controller, using the DJI Pilot 2 software, where autonomous missions were
created. The flight paths were designed with 80% side overlap and 70% forward overlap, a nadir camera angle
of 90 degrees, and a flight altitude of 100 m, resulting in a ground resolution of approximately 3—4 cm. Due
to the size of the area, five individual missions were created with sufficient overlap between them to ensure
seamless mosaicking and reliable orthophoto generation. The spatial extent of each mission was defined to
remain within a maximum flight duration of 20 minutes, which represents the safe operational limit for the
specific UAS platform used.

Aircraft disconnected

P3v2updatedPackAPL
Us30fromB1Block05

Mapping Are. SD Distance Est
0.12km?* 4.62cm/pixel 3.70km 15m18s

T

Figure 11 Mission plan in DJI Pilot 2.

Additionally, the UASea toolbox was used to estimate the optimal flight windows during the week of the field
visit, based on environmental and oceanographic conditions. Although the results indicated that the selected
period was not optimal due to persistent challenging weather conditions, the tool supported the
identification of a best-case scenario within the available time frame. This approach allowed flights to be
conducted during periods that were closer to optimal conditions, to minimize the impact of wind, sea state,
and atmospheric variability on data quality.

Finally, preparation of the equipment was carried out before each flight, including charging all batteries,
checking the UAS and controller functionality, verifying sensor settings, and using empty and formatted SD
cards to ensure uninterrupted data recording. These preparatory steps were essential to reduce operational
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risks and to maximize the quality and reliability of the acquired aerial data under suboptimal environmental
conditions.

2.3.2 Data acquisitions

The UAS field campaign was conducted on 21 and 22 October at Falasarna beach, Crete. The surveys focused
on the northern part of the study area, where seagrass meadows are present, as defined by the coverage
polygon established during the preparatory phase. The main objective of the campaign was the acquisition
of high-resolution RGB and multispectral imagery suitable for object-based image analysis and detailed
seagrass mapping. The spatial coverage of the surveys included the predefined study area polygon and was
implemented through multiple UAS missions designed to cover the target area. Take-off and landing
locations were selected in accessible and safe positions close to the coastline, ensuring stable communication
with the UAS and uninterrupted flight operations.

Figure 12 Preparation for mission operations.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
Project: IPA-ADRION00447 —BLUEQ: Applied Solutions for Monitoring Coastal Habitats and Quantifying Blue Carbon Storage: An
Integrated Approach for Sustainable Ecosystem Management.

26



P SN Co-funded by
HILtCIIrCy PN the European Union

! DA ADRION

Data acquisition was carried out during a period of challenging weather conditions. Initially, the weather was
not optimal, with rainstorms and increased wind intensity that delayed the start of the operations. After
several hours, conditions improved sufficiently to allow the execution of the UAS missions. During this time
window, five missions were completed. The sea surface presented small waves, while wind gusts were
present. Sunglint conditions varied during the missions and were mainly influenced by changing cloud cover.
Although the environmental conditions were not optimal, every effort was made to acquire imagery of the
best possible quality under the given constraints.

2.3.3 Acquired datasets

The acquired dataset for each mission comprises approximately 150 RGB images and 600 multispectral
images, providing full coverage of the study area at high spatial resolution. Despite the environmental
conditions during the flights not being optimal for marine data acquisition, the collected imagery was
considered sufficient and appropriate for the survey's objectives, given the constraints encountered during
the field campaign. The data quality allowed the subsequent processing steps, including image segmentation,
object-based supervised classification, and the extraction of seagrass polygons. Representative examples of
the aerial images acquired during the survey are presented to illustrate the achieved coverage and data
quality under the prevailing conditions.

Figure 13 Aerial Imagery

Although the environmental conditions during the UAS surveys were not optimal for marine data acquisition,
the overall dataset was assessed as usable and adequate for the objectives of the study. Shifting cloud covers
led to non-uniform illumination of the seabed, while wind-induced waves and surface roughness increased
sunglint and caused small distortions at the sea surface, resulting in local discontinuities and limited blurred
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areas in the final orthophotomap. During the survey, these constraints were addressed through on-site
adjustments of flight timing based on real-time observations, selection of shorter missions to ensure flight
safety and data consistency, and prioritization of acquisition windows closer to best-case conditions, ensuring
that the acquired data remains suitable for the planned analysis and subsequent processing steps.

2.3.4 Results & Discussion

The acquired images  were processed using  the  Agisoft Metashape software
(https://www.agisoftmetashape.com/). Agisoft Metashape is one of the most widely used photogrammetric
software solutions. By leveraging advanced Structure from Motion (SfM) algorithms, it converts overlapping
2D imagery into accurate 3D spatial data, ultimately producing high-resolution, georeferenced
orthophotomaps and digital elevation models. The final orthophotomap (Figure 14) has a spatial resolution
of 3.27 cm/pixel, which is highly effective for detailed mapping of seagrass meadows and supports object-
based image analysis and supervised classification workflows.
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Number of images: 917 Camera stations: 917
Flying altitude: 100 m Tie points: 627,068
Ground resolution: 3.27 cm/pix Projections: 2,288,806
Coverage area: 0.972 km?2 Reprojection error: 2.34 pix

Figure 14 Orthophotomap of Falasarna site.

Despite the acquisition limitations, the shallow depths of the study area significantly facilitated seabed
visibility, allowing the seagrass meadows to be clearly detected even at distances of approximately 1 km from
the shoreline. Illumination of the seabed remained sufficient for most of the acquisition time, even during
periods of increased cloud coverage. Although some sunglint artifacts and surface noise are present in the
final orthophotomap, they are spatially limited and do not dominate the dataset. The different
environmental conditions between flight missions explain the minor discontinuities observed in the final
mosaic, which are an expected outcome when combining datasets acquired under varying conditions.

Object-based image analysis was used for the segmentation of the final orthophotomap, as this approach is
particularly suitable for high-resolution remote sensing imagery where spatial, spectral, and contextual
information can be jointly exploited. The multiresolution segmentation algorithm was applied to divide the
orthophotomap into homogeneous image objects, considering spectral similarity, spatial proximity, and
shape characteristics. Multiple attempts were made to optimize the results, capturing even the smaller
details of Posidonia patches while accurately representing the complex shapes of larger meadows (Figure
15). The spatial consistency of the resulting objects was generally high, allowing the seagrass features to be

represented as compact and meaningful units instead of isolated pixels.

Figure 15 Segments of the orthophotomap parts.
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In areas with relatively uniform illumination and calm sea surface conditions, the segmentation accurately
followed the morphology of the seagrass meadows and their transition zones. However, in parts of the
orthophotomap affected by variable illumination, sunglint, small wave patterns, or slight image blur, some
cases of over-segmentation and under-segmentation were observed. Overall, the segmentation results were
considered satisfactory and appropriate for the objectives of the study. Despite local imperfections arising
from acquisition conditions, the segmentation effectively delineated seagrass patches and boundaries,
providing a solid basis for extracting seagrass polygons. The final seagrass distribution mapillustrates a spatial
pattern, with both extensive continuous meadows and numerous smaller fragmented patches distributed
across the shallow zone of the study area. The most compact and dense formations are observed in the
central and southern parts of the area, where large continuous polygons indicate well-developed meadows.
Toward the northern and northeastern sections, the distribution becomes more fragmented, with smaller
and more scattered patches.

Spatial Reference
GCS: GCS WGS 1984
Datum: WGS 1984

Figure 16 Seagrass polygons (green) distribution at the Falasarna site.

The total mapped seagrass extent within the surveyed area was 0.20 km? of 0.78 km? of the total coverage
polygon, corresponding to 25.64%%. A total of 639 seagrass polygons were delineated, with patch sizes
ranging from very small objects to the largest of 0.015km?. Despite minor local inconsistencies, the overall
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spatial coherence and extent of the mapped meadows remain stable and ecologically meaningful, providing
a reliable representation of seagrass distribution within the surveyed area.

2.4 Site 2 Plemmirio Marine Protected Area - Sicily (Italy)

2.4.1 Preparatory activities

Before the field campaign, coordination meetings were conducted with the local partners and diving team to
define the survey areas, sampling strategy, and logistical arrangements. The Plemmirio MPA manager was
directly cooperating with all the field teams, providing valuable information and previously acquired data for
the preparation phase. Two potential survey zones were pre-selected based on existing information
regarding seagrass presence and accessibility. Mission planning included the definition of coverage polygons,
preliminary flight lines, and potential take-off/landing locations, taking into consideration local morphology,
bathymetry, and safety constraints.

2.4.2 Data acquisitions & Datasets

The field campaign at Plemmirio MPA was significantly affected by adverse weather conditions. The survey
period was characterized by rainfall, strong winds, and high turbidity resulting from recent storm events.
These conditions directly influenced both aerial and in situ data collection.

Figure 17 Prevailing conditions during the field campaign.

On the first day, one UAS mission was successfully conducted over the initially selected survey area. However,
due to reduced underwater visibility, increased turbidity, and the presence of a rocky seabed beneath the
seagrass canopy, the diving team was unable to safely and effectively acquire in situ reference data. The
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combination of substrate complexity and low visibility limited the feasibility of ground-truth sampling in that
location.

Figure 18 Orthophotomap & Aerial Images at the 1st site, Plemmirio MPA.

Considering these constraints, the survey strategy was revised on-site. On the following day, operations were
relocated to an alternative area. Although meteorological conditions slightly improved, significant challenges
remained. The site was characterized by strong wave activity and a rapid increase in depth within a short
distance from the shoreline. The steep bathymetric gradient and wave exposure required careful flight
planning and reduced mission duration to ensure operational safety and data quality.
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Figure 19 Aerial Imagery at the 2nd site at Plemmirio MPA.

2.4.3 Results & Discussion

Due to the prevailing environmental conditions during the survey period, it was not possible to produce a
complete and consistent orthophotomap for the entire planned study area. The combination of rainfall,
strong winds, elevated turbidity, and intense wave activity significantly affected image quality, radiometric
consistency, and underwater visibility. As a result, the datasets acquired were not sufficient to support full
orthomosaic generation across the deeper and more exposed zones. 111 images of the total 272 were able
to be aligned and be part of the generated orthophotomap (Figure 20).
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Number of images: 272 Camera stations: 111
Flying altitude: 116 m Tie points: 74,390
Ground resolution: 2.74 cm/pix Projections: 252,036
Coverage area: 0.0765 km2 Reprojection error: 1.9 pix

Figure 20 Imagery misalignment due to the quality of the imagery.

A partial orthophotomap was successfully processed for the shallowest section of the site (Figure 22), where
water clarity and illumination conditions were relatively improved, following the same workflow applied in
the first study area. However, considering the overall data limitations, the results for Plemmirio MPA cannot
yet be considered fully representative of the site. The produced orthophotomap primarily covers the shallow
coastal zone of the selected study area. Due to the adverse environmental conditions during data acquisition
(rainfall, strong winds, wave activity, and storm-induced turbidity), the overall radiometric and geometric
quality of the imagery was affected. Increased sea surface roughness and reduced underwater visibility
resulted in lower contrast between seagrass and the surrounding substrate, particularly in deeper and more
exposed sections of the site.

Despite these limitations, the same object-based image analysis (OBIA) workflow applied in the first study
area was implemented. Multiple segmentation parameter combinations and classification approaches were
tested to optimize the delineation of seagrass patches under the prevailing conditions. The segmentation
output required extensive manual refinement to correct over-segmentation in shallow wave-affected zones
and to improve boundary definition where spectral differences were subtle (Figure 21). The final polygons
provide a preliminary representation of seagrass distribution within the shallow sector of the site; however,

the spatial accuracy and completeness of the mapped extent are influenced by the reduced image quality.

Figure 21 Segmented objects at wave-affected zones (left) and clear parts (right) of the orthophotomap.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.
Project: IPA-ADRION00447 —BLUEQ: Applied Solutions for Monitoring Coastal Habitats and Quantifying Blue Carbon Storage: An
Integrated Approach for Sustainable Ecosystem Management.

34



Y [Pl Co-funded by
HILtCIIrCy PSR the European Union

! DA ADRION

0] 01623
oo ] S T B

Figure 22 Seagrass polygons on the orthophotomap at the Plemmirio MPA site.

The total mapped seagrass extent within the surveyed area was 0.019 km? of the total 0.077 km? covered
area, corresponding to approximately 25%. Seagrass formations were primarily detected within the shallow
coastal platform, where bottom visibility was sufficient to support classification. The distribution pattern is
characterized by fragmented patches combined with non-vegetated substrate. The delineated polygons
reflect the complex and irregular morphology of the seagrass meadows, capturing transition zones between
vegetated and non-vegetated substrate under suboptimal imaging conditions.

In several areas, internal sandy formations and small gaps are visible within larger meadow boundaries,
representing natural patchiness typical of shallow Mediterranean seagrass systems. However, due to
reduced radiometric contrast and water column effects, some transition zones require manual refinement
following segmentation, and minor local inconsistencies may persist. Despite these constraints, the mapped
extent provides a preliminary yet spatially clear representation of seagrass distribution within the shallow
sector of the study area, pending confirmation through future surveys under optimal environmental
conditions.

In coordination with the Plemmirio MPA management authority, it has been agreed that the surveys will be
repeated under optimal environmental conditions. The new campaign will be implemented using the UASea
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toolbox to ensure standardized acquisition and processing procedures. The repetition of the survey is
expected to improve radiometric consistency, seabed visibility, and classification reliability, enabling the
production of a complete and high quality orthophotomap and an accurate delineation of seagrass meadows
within the area.

3 Satellite mapping

Additionally, to the very high-resolution data acquired via UAS, multi-spectral satellite imagery analyses were
performed, and additional processing will be carried out during the project temporal horizon. The integration
of Unmanned Aerial Systems (UAS) and satellite imagery is indeed fundamental for a comprehensive
assessment of seagrass meadows, bridging the gap between fine-scale drone observations and large-scale
monitoring [3]. While UAS platforms provide data with high spatial resolution (3-4 cm) necessary to delineate
fragmented patches and complex dynamics of Posidonia oceanica, satellite sensors offer higher spatial
coverage and temporal revisit time [4]. In-situ ground-truth data were employed to validate the satellite
derived products.
Outcomes are classified maps allowing informing the MPA management and relevant stakeholders about the
spatial extent and fragmentation of the meadows by clearly discriminating seagrass cover from sandy
substrates.
The satellite imagery analyses were conducted by PP3 (UNIPA), which, during the implementation of WP1,
focused on defining standardized methods and common protocols for mapping target habitats. This approach
ensures a high degree of harmonization between the outcomes achieved by the various partners involved.
The decision-making process to analyze the data can be synthesized in the following steps:

e The selection of the most appropriate satellite sensors (optimizing spatial resolution and spectral

bands).
e The definition of rigorous pre-processing workflows.
e The selection of processing techniques, such as water column correction models and classification
algorithms.

The above-mentioned steps have been detailed and applied to both selected study areas, as further
described.

3.1 Selection of the most appropriate satellite sensors

The satellite imagery analyses were conducted using Sentinel-2 and PlanetScope data. Following a brief
description of the satellite data is provided.

3.1.1 Sentinel-2

Sentinel-2 is a European mission that supports operational applications for land services as well as the
observation of inland waterways and coastal areas. The mission consists of three identical satellites ‘in-
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tandem’ operating, Sentinel-2A (launched in 2015), Sentinel-2B (launched in 2017) and Sentinel-2C (launched
in 2024).
Each of these satellites carries the optical Multi-Spectral Instrument (MSI) that samples 13 spectral bands in
the Visible, Near Infra-Red (VNIR) and Short-Wave Infra-Red (SWIR) parts of the electromagnetic spectrum
(EM). The spatial resolution of Sentinel-2 is wavelength dependent:
e 4 x10 m bands: the three RGB bands (Blue (~493nm), Green (560nm), and Red (~¥665nm)) and a
Near Infra-Red (~¥833nm) band;
e 6x20 m bands: 4 narrow Bands in the VNIR vegetation red edge spectral domain
(~704nm,~740nm, ~783nm and ~865nm) and 2 wider SWIR bands (~*1610nm and ~2190nm);
e 3 x60 mbands (~443nm, ~945nm and ~1374nm), which are useful for atmospheric correction.

3.1.2 PlanetScope

PlanetScope is a commercial satellite constellation providing very high-temporal resolution images (daily).
The constellation consists of multiple nano-cubesats (Doves and SuperDoves).
Doves acquire over 4 narrow spectral bands:

o Visible Spectrum: Blue (~¥490nm), Green (~565nm), Red (~665nm);

o Near Infra-Red (NIR): one band at (~865nm);

Superdoves acquire over 8 narrow spectral bands:
o Visible Spectrum: Coastal Blue (~443nm), Blue (~490nm), Green | (~531nm), Green Il
(~565nm), Yellow (~*610nm), and Red (~665nm);
o Red Edge: one band (~705nm);
o Near Infra-Red (NIR): one band (~865nm).

The spatial resolution of the images is equal to 3 m.

3.2 Imagery selection and data analysis

A Google Earth Engine script was implemented with the aim of selecting the proper images for the further
processing. The script can be adapted to any study area by updating the geographical coordinates, or to
different satellite constellations by appropriately modifying the related parts. The main purpose of this script
is to select data which is compliant with the theory of the water column correction proposed by Lyzenga in
1981 [6-7]; for sure the script allows finding images over the user defined Area of Interest (AOI) and with a
threshold on the cloud coverage as further described. It is in principle applicable to all the image collections
available under GEE environment: for the present study chosen collection is the Sentinel-2 level 2a
(COPERNICUS/S2_SR_HARMONIZED).

a) Area of Interest (AOI) Definition and Data Filtering
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The AOI is defined by the user with a central coordinate (LAT - LON format) and a square buffer dimension
(in meters). It is highly recommended to include deep water areas which are fundamental for the water
column correction phase (refer to b) section).

The images are selected also on the basis of the user defined temporal range, cloud coverage percentage.

For this deliverable two study areas were selected and the following parameters and variables were
established.

Temporal range: the selection focused on specific windows to ensure: high water transparency (minimal

suspended sediment and lower phytoplankton productivity compared); minimal Sun glint; stable sea state
(calm sea conditions which minimize the surface effects).

On the basis of these criteria, summer months (e.g., June to September) were more suitable for the
Plemmirio area; vice versa, winter months were prioritized for Falasarna study areas as summer images were
always characterized by capillary waves and waves.

Cloud cover: A strict threshold (< 10-20%) was applied.

To isolate the marine environment a static land mask is applied. This ensures that subsequent statistical
analyses are performed exclusively on the submerged areas.

b) Water column correction
With the aim to analyze the seabed of the satellite images, it is necessary to implement the water column

correction [5].

The adopted method follows the approach proposed by Lyzenga ([6], [7]) in which a depth-invariant bottom
index, useful to classify the bottom types found in the study areas, is derived as a function of water surface
reflectance (from two spectral bands) and the ratio of their respective water attenuation coefficients.

The evaluation of the index is obtained by a simplified radiative transfer equation [8-9]:

Ro(%) = Ry (2) +[Ry (4) =R, ()]0
where Ry (4;) is the reflectance just below the water surface; R (4;) is the reflectance value of an infinitely
deep water column; Ry (4;) is the bottom radiance; k;(4;) is the diffuse attenuation coefficient; z is the
water depth.
Since all variables, except depth, are wavelength-dependent the equation can be modified to linearize the
relationship between reflectance and depth using a logarithmic transformation. By specializing the equation
for two different wavelengths, i and j, it is possible to rewrite the equations as:

X; =In[Ry(4;) = R, (A)] = In[Ry, (4;) = R, ()] =2k, (A;)z

x; =In[Ry(A,) ~ R, ()] = In[R, (%.,) ~ R,,(2))] - 2k, (A )z

2)
)
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Removing the depth variable by rearranging (2) and (3):

NS
/(4)) “
The equation (4) means that, under the hypothesis that k,; (1) is almost constant over the study area, a linear
relationship between x; and x; could be established. The y-intercept, A, remains constant for a specific
bottom material regardless of its depth, effectively acting as a “bottom signature”. Consequently, variations
in A allow for the discrimination between different substrate types (e.g., sand, seagrass, or rock).

With the aim to evaluate the A raster for the whole study area, the x; - x; scatterplot needs to be computed
over a specific bottom type (usually sandy bottom which is easier to be identified) to quantify the gain
(kq(Ai)/ka(4;)) of the equation 4.

The GEE script employs the Blue (chosen as 4;) and Green (chosen as 4;) spectral bands. These bands were
selected due to their ability to penetrate the water column, which is essential for discriminating between
different submerged substrates such as Posidonia oceanica and sandy areas.

The GEE script computes the deep-sea reflectance, Ry (4;), as the minimum of the Blue and Green bands for
each data of acquisition; allowing to export in GIF format the x; and x; rasters.

Even if he GEE script allow only for retrieving for Sentinel-2 data the x; and x; rasters (which have to be then
further processed to determine the gain of the equation 4) it allows to visualize the x; - x; scatterplot for the
whole AOI allowing the user to check if the linear relationship between x; and x; is established or not for
each of the Sentinel-2 images falling in the selected temporal window. Data with a non-linear x; - x;
scatterplot was excluded. The Planetscope images closer to the selected Sentinel-2 images were considered.

Once the images have been selected, the A images for each data of acquisition were stacked together and
used as input of the classification algorithm.

c) Imagery classification training and validation
A-stack layers (for the selected period and for both Sentinel-2 and Planetscope) have been classified with the

Support Vector Machine (SVM) algorithm. Training sites were defined under a GIS environment: sand and
vegetation for Plemmirio, and sand, vegetation and rocks for Falasarna.

SVM is a sophisticated machine learning classifier that identifies an optimal hyperplane to separate the
classes with the maximum possible margin [10].

The same training sites were employed for the SVM applied to both the Sentinel and Planetscope derived A-
stack layers.

The validation was done by computing the confusion matrix and Overall Accuracy, producer’s and user’s
accuracy were evaluated. The points used as ground truth (GT) points were those in-situ collected.
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The coordinates of the in-situ GT were used to produce a raster of GT for comparison having the same spatial
resolution of the classification map; meaning that, the in-situ GT information is associated to a pixel of
10x10m for the Sentinel and 3x3 m for the Planetscope. Thus, the former association could be of less validity,
especially close to borders of features or close to the coastline.

Overall Accuracy, useful to evaluate the overall performance of a classified image. It represents the
proportion of the entire dataset that was classified correctly. It is calculated by dividing the total number of
correctly classified pixels (obtained by summing the values along the main diagonal of a confusion matrix) by
the total number of sampled pixels.

Producer’s Accuracy is a measure of omission error. It is calculated by dividing the number of correctly
classified pixels in a specific category (the value on the main diagonal of a confusion matrix) by the total
number of reference (ground truth) pixels for that category.

The User’s Accuracy is a measure of commission error. It is calculated by dividing the number of correctly
classified pixels in a specific category by the total number of pixels assigned to that class by the classifier.

3.3 Site 1 Falasarna — Natura 2000 Area, Crete (Greece)

In the following section are reported the analyses and the main results computed for the Falasarna — Natura
2000 Area.

The Falasarna — Natura 2000 Area study area was defined using a central coordinate point (Lat: 35.495, Lon:
23.56) with a spatial buffer of 2100 meters.

Initially, the targeted temporal coverage for both Sentinel-2A and PlanetScope was the summer period (June
1st to September 30th, 2025). However, due to the poor quality of the images (prevalently surface effects
due to capillary waves and waves) winter and early spring images were selected: January 29", 2025, March
15% 2025 and April 14™, 2025. For PlanetScope, the clearest available data analyzed are from February 2™,
2025, March 10%, 2025.

The maximum cloud cover threshold was set at 20%.

The following figures illustrate the intermediate steps taken to generate the classified images for Sentinel-
2A.

Similar procedures and results were obtained for PlanetScope (not shown).

Several Sentinel-2A scenes were selected using the GEE script by analyzing each acquisition, the x; - x;
scatterplot (Figure 23).
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Figure 23 Scatterplots of the linearized log-transformed bands referred to: a) July 7th 2025, b) August 3rd 2025, and c) September 2nd

2025.

The A-stack layer is reported in Figure 24. Since the detection of Posidonia oceanica from satellite imagery is
generally reliable up to a maximum depth of 30 meters, the 30 meters bathymetry data was used to clip the

study area.

Figure 24 Stack layer of the A images clipped to 25 meters of bathymetry.
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The A-stack has been classified with the aim to distinguish between sand and vegetative seabed by training
the SVM algorithm with the AOI shown Figure 25.
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Figure 25 Selection of ROls.
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The classified images for Sentinel2-A and PlanetScope data are respectively reported in Figure 26 and Figure
27.
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Figure 26 Result of the SVM algorithm for Sentinel 2-A images.
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Figure 27 Result of the SVM algorithm for Planetscope images.
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By using the GT points collected in the study area, the validation of the classified image was realized. The
Confusion Matrices for Sentienl-2A and Planetscope are reported in Figure 28 and Figure 29, respectively.

Overall Accuracy = (44-71% 61 .9718%

Kappa Coefficient = 0.4102

Ground Truth (Fizels)

Class roclk =and posidonia Total
Tnclas=sified 1] 1] 1] 1]
rock 3 2 14 19
Sand 1] 27 1 28
Poszidonia ) 4 14 24
Total 9 a3 29 71
Ground Truth (FPercent)
Class roclk =and posidonia Total
Tnclas=ified 0.o0 0.o0 0.o0 0.o0
roclk 33.33 6.06 48 .28 26 .76
Sand 0.ono a1.82 3. 45 a9 .44
Pozidonia bE .67 12 .12 18 .28 a3.80
Total 100.00 100.00 100.00 100.00
Class=s Comml=s10n Oni=sslon Comml=s10n Oni=sslon
(Percent ) (Percent ) (Pizel=) (Pizel=)
roclk a4 21 BE .67 le.-19 B9
Sand 3.57 18.148 1-28 633
Po=zidonia 41 &7 51 .72 10-24 15-29
Cla==s Prod. Acc. T=er Acc. Prod. Acc. T=er Acc.
{Percent ) {Percent ) (Pixel=) (Pixel=)
roclk 33.33 15 .79 3.9 319
Sand a1.82 96 .43 2733 27-28
Pozidonia 18 .28 58 .33 1429 1424
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Overall Accuracy = (53/71) 74.6479%

Kappa Coefficient = 0.5917

Ground Truth (Pizxels)

Class rock posidonia sand Total
Unclassified 0 0 0 0
rock 5 7 2 14
Posidonia 3 19 2 24
Sand 1 3 29 33
Total 9 29 33 71
Ground Truth (Percent)
Class rock posidonia sand Total
Unclassified 0.00 0.00 0.00 0.00
rock 55.586 24 14 6.06 19.72
Posidonia 3333 65.52 6.06 33.80
Sand 11.11 10.34 87 .88 46 .48
Total 100.00 100.00 100.00 100.00
Class Commission Omission Commission Omission
{Percent ) { Percent ) (Pizels) (Pizels)
rock 64 .29 44 44 9/14 4/9
Posidonia 20.83 34 48 5724 1029
Sand 12 .12 i 57 4733 433
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
{Percent ) {Percent ) {Pizxel=) (Pixels)
rock 55.56 3571 579 5714
Posidonia 65.52 7917 1929 1924
Sand 87 .88 87 .88 29-33 29,33

Figure 29 Confusion matrix for Planetscope images.

Noticeably that the PlanetScope product is highly reliable than that retrieved by Sentinel. Indeed, a higher
accuracy is shown in terms of both Overall Accuracy and Kappa Coefficient. Also, producer and user
accuracies of class ‘Posidonia’ are better for Planetscope derived classification; the user accuracy (UA)
increased from ~58% to ~79% using Planetscope; whereas, the producer accuracy (PA) increased from ~48%
to ~66% by employing Planetscope.

3.4 Site 2 Plemmirio Marine Protected Area — Sicily (Italy)

The Plemmirio MPA study area was defined using a central coordinate point (Lat: 37.0145, Lon: 15.3080) with
a spatial buffer of 2400 meters.

Both for Sentinel 2-A and PlanetScope the temporal coverage was restricted to the summer period (June 1%,
2025, and September 30, 2025). The data analyzed for Sentinel 2-A are: July 7" 2025, August 3 2025 and
September 2"92025. The data analyzed for PlanetScope are August 24" 2025, September 1 2025 and August
16™ 2025. The maximum cloud cover threshold was set at 20%.
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The following figures illustrate the intermediate steps taken to generate the classified images for Sentinel-
2A. Similar procedures and results were obtained for PlanetScope (not shown).

Several Sentinel-2A scenes were retrieved within this timeframe. For each acquisition, a homogeneous area
was selected computing within it the x; - x; scatterplot (representing the linearized log-transformed bands,
respectively bands 2 and 3. The images selected for the final habitat mapping were those exhibiting a clear
linear trend.

In Figure 30 are reported the scatterplots for the different Sentinel2-A images.

; i ) y=1.4535x-2.7059 .. RURPSCE . T i

y=1.0423x - 0.4872

y =1.6439x - 3.9504 ol

(a) (b)

Figure 30 Scatterplots of the linearized log-transformed bands referred to: a) July 7th 2025; b) August 34 2025, and c) September 24
2025.
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The A-stack layer is reported in Figure 31. Since the detection of Posidonia oceanica from satellite imagery is
generally reliable up to a maximum depth of 30 meters, the 30 meters bathymetry data was used to clip the

study area.

A()
July 7th 2025

4,20469
Google Satellite

-7,6168

0 500 1.000 m
L E—

Figure 31 Stack layer of the A images clipped to 30 meters of bathymetry.
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The training sites for the SVM classification are reported in Figure 32.
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Figure 32 Selection of ROls.
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The classified images for Sentinel2-A and PlanetScope data are reported in Figure 33 and Figure 34,

respectively.

SVM

Classes
Il Unclassified
[ Sand
Il Vegetation

Google Satellite

0 500 1.000 m
[

Figure 33 Result of the SVM algorithm for Sentinel 2-A images.

The project is co-funded by the European Union through the Interreg IPA ADRION programme.

Project: IPA-ADRION00447 —BLUEQ: Applied Solutions for Monitoring Coastal Habitats and Quantifying Blue Carbon Storage: An
Integrated Approach for Sustainable Ecosystem Management.

50



Co-funded by e
the European Union BLUEQ

SVM
Classes
% Bl Unclassified
4 I8 Sand
I Vegetation
Google Satellite

0 500 1.000 m
)

Figure 34 Result of the SVM algorithm for Planetscope images.
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The validation was performed by using GT points collected in the study area; confusion matrices are reported
in Figure 35 and Figure 36 for Sentinel-2 and Planetscope, respectively.

Figure 35 Confusion matrix for Sentinel 2-A images.

Overall Accuracy = (53-95) §55.7895%
Kappa Coefficient = 0.2068
Ground Truth (Pi=xels)
Class sand posidonia Total
Unclassified 0 0 0
Sand 40 42 a2z
Posidonia 0 13 13
Total 40 55 95
I Ground Truth (Percent)
Class sand po=sidonia Total
Unclassified 0.00 0.00 0.00
Sand 100.00 76.36 86.32
Posidonia 0.00 23.64 13.68
Total 100.00 100.00 100.00
Class Commission Omission Commission Omission
{Percent) {Percent) {Pizels) (Pixels)
Sand 51.22 0.00 4282 0740
Posidonia 0.00 76.36 013 42755
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) {Percent) {Pizels) (Pizels)
Sand 100.00 48.78 40740 40,82
Posidonia 23.64 100.00 13,55 13713
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Ground Truth (Pizels)

Cla=s Sand Posidonia Total
Mnclas=sified 0 0 0
Sand 26 20 46
Posidonia 14 aa 52
Total 40 ta aa
Ground Truth (Percent)
Cla== Sand Po=idonia Total
Tnolassified 0.o0 0.o0 0.o0
Sand 65 .00 34 .48 16 .94
Posidonia 35.00 65 52 £3.06
Total 100 00 100 00 100 00
Cla== Commission Omi==lon Commission Omi==lon
(Percent ) (Percent ) (Pixels=) (Pixels=)
Sand 43 .48 35.00 2046 14740
Po=idonia 26 .92 34 .48 14-52 20-58
Cla== Prod. Acc. T=er Acc. Prod. Acc. T=er Acc.
(Percent ) (Percent ) (Pimel=) (Pimel=)
Sand 65 .00 Ee .52 2640 2646
Posidonia 65 52 73.08 38-58 38-52

Figure 36 Confusion matrix for Planetscope images.

Notably, the PlanetScope-derived classification for this area is considerably better than that retrieved using
Sentinel-2. Although there was a moderate improvement in Overall Accuracy (from ~51% to ~65%), the
Sentinel-2 product exhibited a strong imbalance between User Accuracy (UA) and Producer Accuracy (PA) for
both the Posidonia and sand classes. For instance, the 100% UA for the ‘Posidonia’ class is offset by a very
low PA of ~23%. A similar trend was observed for the ‘sand’ class. These imbalances serve as a red flag for
poor classification performance. Specifically, while all 13 pixels classified as Posidonia were correctly
identified in situ (100% UA), the total number of ground truth (GT) points for that class was 55; thus, the UA
is statistically unreliable as it was calculated from a very small sample size.
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